Introduction
The Great East Japan Earthquake occurred at 14:46 on March 11, 2011 . It led to a devastating tsunami that hit the northeastern Japan coastal area, including the Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power Plant. Just 4 hours after the earthquake, a nuclear emergency was declared by the national government because all the AC power supplies were lost at the Fukushima Daiichi Nuclear Power Plant. At 21:23, Prime Minister Naoto Kan issued an evacuation order to the residents within a 3-km radius of the plant. Evacuation areas expanded further over time. On March 12, just 1 day after the earthquake occurred, an evacuation order was issued within a 20-km area of the plant.
At 11:01 on March 24, a hydrogen explosion occurred at Unit 3 of the Fukushima Daiichi Nuclear Power Plant. This accident was reported globally, and Fukushima residents began to feel ambiguous anxiety and fear. Residents forced to evacuate from their own houses consistent with municipal relocation were about 146 000. Residents living outside evacuation areas who evacuated voluntarily were about 20 000. In total, about 170 000 people evacuated by May 2011. Evacuation and sheltering during the initial period were almost adequately handled by the national government, Fukushima prefectural government, and municipalities. However, public concerns about health effects of radioactive contamination increased daily.
Information on the System for Prediction of Environmental Emergency Dose Information (SPEEDI), originally created for proper evacuation, was not provided to municipalities and evacuees by the Japanese government. For example, those residents of Minamisoma City and Namie town who began evacuating in early evening on March 15 (around 15:00) were likely to have followed the same evacuation routes as the dispersion of radioactive materials. 1 Residents in the evacuation area, such as Namie village, and Fukushima residents began to think that the Japanese government might conceal information. Unfortunately, Fukushima residents distrusted the Japanese government to varying degrees.
The objective of this article is to provide an overview of the Fukushima Health Management Survey and issues related to the survey, which will help consider what we should do from now.
Methods

Development of Fukushima Health Management Survey
Before the accident, there had been no scientists including us paying attention to the necessity of and preparedness for surveys. After the Fukushima accident, cancer epidemiologists, radiology epidemiologists, thyroid clinicians, gynecologists, pediatricians, psychiatrists, psychologists, and other physicians and researchers thought that a health survey should be conducted to explore the direct and/or indirect radiation effects on health in Fukushima. In addition, international institutions and organizations considered such a survey the responsibility of the Japanese government as a nation having nuclear power plants. However, positive evaluation proportion for the Japanese government measure (14.2%) by Fukushima residents after the accident was lower than that for the Fukushima prefectural government measure (33.1%) and that for the municipalities measure (35.2%). 2 Considering the possible health effects due to the fallout of radioactive substances from Fukushima Daiichi Nuclear Power Plant, the need to support the 2 million Fukushima residents, and distrust for the Japanese government, the Fukushima prefectural government decided to conduct the health survey. 3 The survey budget was provided by the Japanese government.
Fukushima Medical University (FMU) was founded by the Fukushima prefectural government to train medical doctors who contribute to health, medical, and welfare services for residents of Fukushima. FMU is the only medical university in Fukushima Prefecture and is expected to help maintain and increase the health status of Fukushima residents. It was natural for FMU to be entrusted with planning and implementing the health survey.
In spite of the nuclear power plant location in the prefecture, the Fukushima prefectural government and we at FMU did not have a plan for the health survey. There were few epidemiologists at FMU experienced in field surveys. Within about 2 weeks after the accident, Professor Yasumura was directed to design a health survey by Vice-President Takenoshita. As an epidemiologist, he was officially nominated by FMU executive members as the principal investigator of this large 30-year Odyssey in Radiation Health. 4 On May 13, 2011, a preparatory meeting for the health promotion and epidemiological survey, chaired by Prof Yasumura, was held at FMU in collaboration with the Fukushima prefectural government, Fukushima Medical Association, Radiation Effects Research Foundation, Hiroshima University, Nagasaki University, National Institute of Radiological Science, and National Center of Neurology and Psychology. The survey was named the "Fukushima Health Management (FHM) Survey," including the term "management" and without using the term "study/research." We thought that the survey was not simply a study for the researchers, and the survey data obtained had to be used to support residents' individual self-care.
On May 27, 2011, the first "Prefectural Oversight Committee Meeting for the FHM Survey," chaired by Prof Yamashita of Nagasaki University, was held. 5 The overall plan for the FHM Survey was officially approved. The FHM Survey Office with 4 initial staff opened on June 1, 2011, in the Department of Public Health, FMU School of Medicine.
Results
Overview of FHM Survey
The protocol of the FHM Survey was previously described, 3 and description related to the survey that should be included in this session have already been published. 6 Detailed explanations of the results of each survey are presented in this Supplement. We discuss the philosophy and overview of the FHM Survey here. "The primary purposes of the Fukushima Health Management Survey are to monitor the long-term health of residents, promote their future well-being, and determine whether long-term low-dose radiation exposure has health effects." 3 The first 2 purposes intended to increase their physical and mental health through supporting their lives; the latter purpose responded to the concerns and fears of radiation exposure. The framework of the survey was an epidemiological design. The basic survey estimated the external radiation exposure as "a factor" to cause diseases; on the other hand, 4 detailed surveys were "outcomes (thyroid cancer, psychological distress, and lifestyle related diseases, etc)" containing many risk factors, for example, food intake, alcohol/smoking habit, exercise, job, and so on. The positioning of each survey with respect to the entire project is illustrated in Figure 1 .
Basic Survey
The basic survey was launched at the end of May 2011. The fundamental method to estimate individual external radiation exposure was modeled after the Life Span Study of A-bomb survivors in Hiroshima and Nagasaki interview survey conducted from 1954 to 1965. 7 The system for estimating external exposure doses was developed by the National Institute of Radiological Science. 8 A pretest was conducted in Hiroshima and Fukushima to increase feasibility. All data of Basic survey and 4 detailed surveys including Whole Body Counter and Dosimeter data have been gathered in a database, and it will be utilized to support residents and to analyze the radiation effect on health.
To obtain information on internal radiation exposure, questions about residents' eating behaviors (eat any homegrown fruits or vegetables, drink milk from any personally raised livestock) were included. Their main source of drinking water (tap, mineral, etc), intake of "stable iodine," and experience as a radiation worker were also asked. Information on medical exposure was not collected.
Detailed Surveys
There were 4 detailed surveys: thyroid ultrasound examination, comprehensive health check, mental health and lifestyle survey, and pregnancy and birth survey.
Based on evidence that thyroid cancer would show a marked increase 4 to 5 years after the accident, 9 we decided to complete the baseline (first round) survey within 3 years to find abnormalities existing before the accident. To show support to Fukushima residents, Fukushima prefecture and FMU agreed to cover all 360 000 Fukushima residents aged 18 years and younger. Newly abnormal findings (ie, thyroid cancer not present in the baseline survey) had the probability of being induced by some exposure before the confirmatory (second round) survey or was missing at the baseline survey. The natural history of thyroid cancer was not explored; the survey framework was designed as a cohort study. There was no guideline for screening criteria for child thyroid cancer; we applied guidelines for adult thyroid cancer. 10, 11 Many evacuees from the government-designated evacuation zone were forced to move, changing their lifestyle, diet, exercise, and other personal habits. Many had to change their job. Some people did not receive adequate health checks and had anxiety about their health to varying degrees. Parents with children especially had severe concerns and anxiety about their children's health. The comprehensive health check reviewed their health conditions, assessed the incidence of various diseases, and provided support to improve their own health status. In Japan, we have an annual health checkup system among all people aged 40 years and older. Before reaching 6 years, municipalities conduct health checkups at 18 months, 3 years, and prior to preschool. Schoolchildren also receive simple health checkups annually. To detect changes of physical condition after evacuation early, we added additional items for assessment of blood count (red blood cells, hematocrit, hemoglobin, platelet count, white blood cell and serum creatinine, estimated glomerular filtration rate, uric acid, and urine testing for occult blood) for residents aged 16 years and older. This blood count assessment was also included in health checks for children aged 15 years and younger. Evacuees could voluntarily choose to receive the Comprehensive Health Check.
Mental health issues have been important long-lasting health problems after the Chernobyl accidents. [12] [13] [14] [15] [16] [17] There were serious concerns about the increase of posttraumatic stress disorder (PTSD) and suicide among the Fukushima evacuees. In addition to such severe mental disorders, anxiety related to radiation exposure would be prevalent among the evacuees. We decided to support all evacuees' mental health using the data obtained by the mailed questionnaire survey. The survey items varied by age category (3 age categories for children and 1 category for adults), so 4 types of questionnaires were developed and disseminated in fiscal year 2011. Current mental status, physical status, lifestyle (diet, sleep, smoking, alcohol, and exercise), activities during the last 6 months, perception of radiation risk, experience during the earthquake, and time of relocation were included. Parents of children aged 4 through 15 years were asked to evaluate the behavior of their children using the Strength and Difficulties Questionnaire. Self-administered questionnaires including the Kessler Psychological Distress Scale (K-6) and PTSD Checklist Stressor-Specific Version were used to evaluate the mental status of evacuees aged 16 years and older.
To our knowledge, there has been no organized telephone support team after the disaster. We created a "Mental Health Support Team," consisting of clinical psychologists, public health nurses, and other professionals to provide telephone support to respondents requiring counseling or any support for mental health or lifestyle problems. The screening criteria were operationally defined by the survey team. Initially, those who responded to the questionnaire showing immediate need for support were screened.
After the nuclear accident, pregnant women in the evacuation area needed to change their clinics/hospitals and many of them received insufficient antenatal care. Pregnant women in Fukushima prefecture feared for the health of their children as well as their own. 18 Under such circumstances, a pregnancy and birth survey was planned to improve obstetrical and perinatal care and support pregnant women delivering and raising children. The survey included antenatal health and delivery records and mental health (2-item case-finding instrument for depression) in addition to maternal age and residential region. For perinatal outcome, single or twin pregnancy, child sex, gestational age at delivery, preterm delivery, neonatal outcome (neonatal birth weight, low birth weight, and live birth or stillbirth), and delivery mode were evaluated. Feeding method before weaning as a child-related factor and continuation of scheduled antenatal care and personal change to a different medical institution as disaster-related factors were evaluated. Midwives and public health nurses provided support via telephone or email to respondents thought to be in need of support for anxiety or health problems.
Discussion
Issues Related to FHM Survey
Five years have passed since the radiation disaster occurred. Much evidence has been accumulated in each survey.
In the basic survey, the response rate remains over 27%. Of 547 380 whose external radiation exposure dose was estimated, 99.8% showed less than 5 mSv. Although the external radiation exposure dose was relatively low, internal radiation exposure estimated by wholebody counter has not yet been linked to external radiation dose. Assessment of total radiation exposure is needed to evaluate the extent of radiation to the body. Another problem is that internal doses to the thyroid gland were not accurately evaluated in the affected area. Thyroid dose estimation is crucial to explore the relationship between radiation exposure and thyroid cancer. Estimation of internal exposure to thyroid glands is proposed in a new method 19 ; its application is an urgent need.
Concerning the prevalence of thyroid cancer detected in thyroid ultrasound examinations, one report suggested an excessive occurrence of thyroid cancer, 20 but other studies [21] [22] [23] noted methodological errors in the article. 20 Radiation effects on thyroid cancer in Fukushima after the nuclear accident must be evaluated from an epidemiological and medical (thyroidal) standpoint.
The comprehensive health check survey items have not been changed because careful observation of the evacuees has been important. We deleted some survey items on the mental health and lifestyle survey since 2014 to decrease residents' burden. The pregnancy and birth survey and support have been conducted in the same manner every year.
Despite no marked survey or support changes in the detailed surveys, the response rate of each survey decreases yearly. 24 One issue to be addressed is decreased interest in the FHM survey. The main causes are residents' relief, accepting the accident as fate, and decreasing interest over time.
The second issue is whether the survey really supports individuals' autonomy and empowerment. The ideal cycle is that first, the survey is conducted, then, results returned to respondents, and support being provided if needed, and the survey being conducted next year. We need to evaluate the validity of support through the FHM survey.
Third, although many scientific articles have been published recently, increased high-quality scientific evidence requires rapid dissemination. 25 We developed the Radiation Medical Science Center for the FHM Survey to about 180 staff from zero. We need more specialized researchers, research assistants, technicians, and clerks similar to other research institutes.
Conclusions
In Fukushima, the nuclear accident continues to greatly affect the health of Fukushima residents. Considering the FHM Survey as a measure to support Fukushima residents, we need to examine major issues and required measures in this nuclear disaster. 6 One issue of public health concerns support for "people requiring assistance during a disaster." 26 Unfortunately, evacuation conducted to avoid health effects resulted in additional deaths, especially of elderly people. 27, 28 Special continuous support to "people requiring assistance during a disaster" is needed in the FHM Survey. Another important issue is preparations during ordinary times (eg, stockpiles for emergencies, preparation for physical support, and human resources development for survey and support). Furthermore, scientists and researchers must develop good risk communication cultures during normal times. 6 
